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Physiological Responses of Dogs to Different Housing Systems
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ABSTRACT
Background: The hypothalamic-pituitary-adrenal (HPA) axis undergoes adaptations throughout housing system that might 
contribute to the avoidance of adverse effects of welfare status in dogs housed in a shelter. Nevertheless, the influence of 
housing systems and stabling time on glucose and PCV changes is little known. The purpose of the present study was to 
evaluate the patterns of cortisol, glucose and PCV in dogs housed in a kennel and normal environments, evaluating the 
differences between housing systems, by taking into account the different stabling time and sex. 
Materials, Methods & Results: The study comprised 98 cross-breed dogs, aged 4 ± 1.5 years, lodged in a kennel (obser-
vational group I: N=61, 29 females and 27 males), in paired household dogs (control group II: N=25, 13 females and 12 
males) and in unpaired household dogs (control group III: N=12, 6 females and 6 males). Females of both groups were 
spayed. The subjects were studied on the basis of different stabling times, ranged among <1 year, 2 years and 4 years, and 
different sex.
Discussion: This observational study showed that kennelled males lodged for 2 (P < 0.01) and 4 (P < 0.001) years showed 
lower cortisol concentrations than males lodged <1 year; males lodged for <1 year (P < 0.001) showed higher cortisol con-
centrations than females; males lodged for 4 year showed lower cortisol concentrations (P < 0.01) than females. Kennelled 
females lodged for 4 year showed higher PCV values (P < 0.001) than females lodged for <1 year. Paired and unpaired 
household females and males lodged for 4 years showed lower cortisol concentrations (P < 0.01) than 2 years and <1 year. 
Paired and unpaired household females and males lodged for short-, medium- and long-term times showed higher glucose 
concentrations (P < 0.001) than kennelled dogs. This study showed significant changes of circulating cortisol, glucose 
and PCV values inter- and intra-groups, according to different housing systems, stabling time and sex. The magnitude of 
cortisol decreases after 2 and 4 years of stabling time in kennelled male dogs could suggest a stimulus-response relation-
ship, probably due to adaptive responses. Interestingly enough in this observational study was that the exact consummatory 
event could be represented by the long stabling time itself, observed only in males. Moreover, the significant differences 
of cortisol concentrations between males and females in group I after a stabling time of <1 and 4 years confirm the wide 
variability of HPA activity independent of the different sex of dogs. The physiological higher glucose concentrations in 
household dogs than kennel dogs showed that the normal home environment offers probably more rich stimuli than kennel, 
independent of stabling times and sex. It is possible to suppose that the housing system of dogs also results in significant 
rise of organ reserve and adaptability, presumably due at early greatest in functional changes in the catecholaminergic 
system and related increased hepatic glycogenolysis and gluconeogenesis. Concerning the PCV changes, data obtained 
confirmed the disagreement among authors about sex differences in the circulating mass of erythrocytes according to dif-
ferent age and sex. In conclusion, this is an observational study on the adaptive responses of circulating cortisol, glucose 
and PCV patterns to different housing systems in both kennel and household, leading to the question of physiological 
relevance concerning the effects of different stabling, according to the quality of dogs’ life.
Keywords: dog, housing system, cortisol, glucose, packed cell volume.
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INTRODUCTION
Dog’s adrenocortical activity is involved in 
response to social dynamics, hierarchical order and 
behavioural style [9], after loading, unloading and 
transport stress [6,22,29]. Significant changes in corti-
sol concentrations have been observed in a wide variety 
of coping strategies, through cortisol secretory patterns 
[2,3,12,38] and corticoid:creatinine ratio [40]. Urinary 
cortisol:creatinine ratio was higher in the kennel than 
home environment and was not associated with dif-
ferences in movement/exercise between environments 
[28]. The main stressors in a domestic dog encounter 
in a shelter are represented by isolation, exposure to 
constant noise and novelty, disrupted routines, irritat-
ing stimuli and the different admission time to kennels 
[4,8,14,30,39]. 
Few studies have been performed on the 
physiological changes of cortisol concentrations 
in dogs according to different biological sampling 
(saliva, urine, faeces, hair, blood) [1,7,13,28,41] 
or different non-invasive methods for evaluating 
stressful conditions [27,34,42]. The use of glucose 
in conjunction with cortisol determination may lend 
additional support to assess the HPA axis response to 
stress [29]. Comparison of stress indicators in blood 
of dogs after transportation and housing in the new 
environment [29], after competitions [32,33] and 
entering re-homing kennels [15] has been studied, 
but very little is also known about the influence of 
housing systems and stabling time on glucose and 
PCV changes.
The purpose of the present study was to evalu-
ate the patterns of cortisol, glucose and PCV in dogs 
housed in a kennel and normal home environments, 
evaluating the differences between the two housing 
systems, by taking into account the different stabling 
time and sex.
MATERIALS AND METHODS 
Study overview
All methods and procedures used in this experi-
ment were in compliance with the guidelines of the 
Italian Health Minister for the care and use of animals 
(D.L. 4/3/2014 n. 26) and EU Directive (Directive 
2010/63). 
The study comprised 98 cross-breed dogs, 
aged 4 ± 1.5 years, lodged in a kennel (observational 
group I: N= 61, 29 females and 27 males), in paired 
household dogs (control group II: N= 25, 13 females 
and 12 males) and in unpaired household dogs (control 
group III: N= 12, 6 females and 6 males). Females of 
both groups were spayed.
All subjects were fed once a day with a com-
mercial feedstuff of “Trainer sterility” for spayed 
animals and “Trainer Acth” for uncastrated animals; 
water was available ad libitum. 
The subjects were studied on the basis of dif-
ferent stabling times, ranged among <1 year, 2 years 
and 4 years, and different sex. Dogs of groups I were 
kept in a kennel comprised of two sections; an indoor 
section, represented by box ranged 4 x 2 m2 and 6 x 4 
m2, according to the number of dogs, equal to 2 and 5; 
and an outdoor section, respectively of 2 x 3 m2 and 4 x 
4 m2, joined by a hatchway. These subjects have shown 
regular activities during the day as walking, playing, 
contact with other dogs and people (husbandry staff 
taking care, veterinarian).
Paired household dogs of group II and unpaired 
household dogs of group III were kept in normal home 
environments comprised of indoor section and they 
were taken for at least three walk per day of approxi-
mately 15 min. The group II had contact and group III 
had no contact with other conspecifics at the home. On 
the basis of their history these subjects did no shown 
clinical signs or symptoms of disease or behavioural 
problems. 
Sample collection and processing
Blood samples were collected once a day for 
two consecutive days by venipuncture of the cephalic 
vein, in basal conditions, at 09:00 a.m., under quiet 
conditions and placed into evacuated tubes (Venoject)1 
and in K3-EDTA tubes (2.5 mL APTACA)2 for PCV 
analysis. Evacuated tubes samples were subsequently 
(within 1 h) centrifuged for 15 min at 1500 g, serum 
was separated and glucose was immediately analyzed. 
The remaining part of serum was harvested and stored 
in polystyrene tubes at -20°C until assayed for cortisol 
concentrations.
Sample analysis 
Total serum cortisol concentrations were 
analysed in duplicate using a competitive enzyme 
immunoassay (EIA)3. During the first incubation, the 
cortisol sample competed with cortisol conjugated to 
horseradish peroxidase (HRP) for the specific sites of 
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the antiserum coated on the wells. Following incuba-
tion, all unbound material was removed by aspiration 
and washing. The enzyme activity bound to the solid 
phase is inversely proportional to cortisol concentration 
in calibrators and samples and is made evident by incu-
bating the wells with a chromogen solution (tetrameth-
ylbenzidine, TMB) in substrate-buffer. Colorimetric 
reading was carried out using a spectrophotometer at 
450 nm wavelength (Sirio S)3. Assay sensitivity was 5 
ng/mL and intra- and interassay CVs were 4.6% and 
6.9% respectively.
Glucose concentrations were analysed using 
enzymatic colorimetric method (glucose oxidase-
peroxidase-4-amminoantipyrine) = (GOD-POD-PAP)3. 
Assay sensitivity was 2 mg/dL and intra- and interassay 
CVs were 0.85% and 2.03% respectively.
To determine PCV values, 2 capillary tubes 
were filled from K3-EDTS tube and centrifuged in a 
microcapillary centrifuge for 5 min; PCV value was 
the mean of the 2 capillary tubes. 
Statistical analysis
Data are presented as means ± standard de-
viation (S.D.). Student’s t-test was applied to test the 
differences between housing groups, stabling times 
and sexes on cortisol, glucose and PCV changes. A 
linear correlation analysis (Pearson’s method) was 
performed to analyse the relationships among physi-
ological parameters. The level of significance was set 
at P < 0.05. All calculations were performed using the 
PRISM package4. 
RESULTS
Data obtained (Table 1) showed lower cortisol 
concentrations in kennelled males lodged for 2 (P < 
0.01) and 4 (P < 0.001) years than those <1 year, males 
lodged <1 year showed higher cortisol concentrations 
than females (P < 0.001); males lodged for 4 year 
showed lower cortisol concentrations (P < 0.01) than 
females.
Paired and unpaired household females and 
males lodged for 4 years showed lower cortisol con-
centrations (P < 0.01) than 2 years and <1 year.
Concerning the glucose values (Table 2), 
higher concentrations were observed in paired and 
unpaired household females and males (P < 0.001) 
lodged from <1 year to 4 years than kennelled dogs. 
Concerning the PCV values (Table 3), ken-
nelled females lodged from 4 years showed higher 
PCV values (P < 0.001) than <1 year. 
No significant differences between cortisol and 
PCV of kennelled and household dogs were observed. 
No significant correlations among physiological pa-
rameters were observed.
Table 1. Circulating cortisol concentrations (nmol/L) in dogs of different sex and stabling time.
Stabling 
time
group I: kennel dogs group II: paired household dogs group III: unpaired household dogs
♀ ♂ ♀ ♂ ♀ ♂
<1 year 81.44 ± 20.80 154.47 ± 14.18A 97.39 ± 24.96 100.23 ± 17.49 87.19 ± 20.16 75.32 ± 19.42
2 years 99.98 ± 35.08 87.48 ± 36.83a 118.52 ± 33.63 99.21 ± 33.53 98.12 ± 23.33 93.41 ± 23.13
4 years 106.16 ± 33.57 54.60 ± 21.57bB 52.89 ± 18.95a 51.45 ± 28.44a 55.80 ± 19.55a 53.65 ± 18.63a
 vs <1 year: a=P < 0.01; b=P < 0.001; vs ♀ A=P < 0.001; B= P < 0.01.
Table 2. Circulating glucose concentrations (mg/dL) in dogs of different sex and stabling time.
Stabling 
time
group I: kennel dogs group II:  paired household dogs group III: unpaired household dogs
♀ ♂ ♀ ♂ ♀ ♂
<1 year 51.10 ± 13.79 58.66 ± 9.71 79.20 ± 7.19* 88.25 ±7.41* 82.22 ± 7.58* 81.65 ±7.36*
2 years 61.43 ± 15.37 57.57 ± 20.87 87.75 ± 15.97* 78.50 ± 12.07* 87.75 ± 15.97* 80.56 ± 11.17*
4 years 64.33 ± 15.73 59.33 ± 15.63 85.50 ± 19.19* 87.75 ± 20.65* 85.00 ± 19.11* 88.77 ± 22.30*
 vs group I: *P < 0.001.
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Table 3. PCV (%) values in dogs of different sex and stabling time.
Stabling 
time
group I: kennel dogs group II: paired household dogs group III: unpaired household dogs
♀ ♂ ♀ ♂ ♀ ♂
<1 year 44.75 ± 5.57 51.25 ± 2.98 50.60 ± 3.21 50.00 ± 5.48 50.05 ± 3.21 45.20 ± 3.48
2 years 49.36 ± 6.10 50.85 ± 4.79 49.50 ± 3.79 45.25 ± 4.43 48.56 ± 3.17 47.22 ± 3.13
4 years 57.22 ± 6.18a 55.20 ± 5.09 51.00 ± 2.82 47.00 ± 2.58 49.00 ± 2.66 48.00 ± 2.68
 vs <1 year: a=P < 0.001.
DISCUSSION
Circulating cortisol concentrations obtained 
in dogs of groups I and II are in agreement with data 
reported in literature for domestic dog (Canis famil-
iaris) [11,17]. 
The magnitude of cortisol decreases after 2 and 
4 years of stabling time in kennelled male dogs could 
suggest a stimulus-response relationship, probably 
due to adaptive responses. Moreover, circumstantial 
evidence suggests that during the greatest stabling time 
males had presumably become totally accustomed to 
kennel environment; this response could be related 
to the possible inhibition of adrenocortical activity, 
reported when the presentation of stressful stimulus 
involves a consummatory event [23]. On this basis, 
these data suggest that stabling time might induce 
an activation of the HPA with an increase in cortisol 
concentrations only in dogs lodged from <1 year, as 
previously observed by Mondelli et al. [24] that to 
consider the cortisol concentration of dogs lodged 
from 2 years in a shelter a baseline value references.
Interestingly enough in this observational 
study was that the exact consummatory event could be 
represented by the long stabling time itself, observed 
only in males. However, the fact that the cortisol trend 
differs between females and males, fortunately does not 
precludes the possibility to compare the two different 
sex, establishing if sex had a real impact on cortisol 
changes. Indeed, a significant effect of sex on cortisol 
changes only in males lodged from both 2 (P < 0.01) 
and 4 (P < 0.001) years was observed. Moreover, the 
significant differences of cortisol concentrations be-
tween males and females in group I after a stabling time 
of <1 and 4 years confirm the wide variability of HPA 
activity independent of the different sex of dogs [20]. 
On the other hand, it is possible to suppose 
that normal home environment could have elide this 
effect, as demonstrate by the absence of significant dif-
ferences in cortisol concentrations in household male 
and female dogs, independent of short-, medium- and 
long-term stabling times. There are several possible 
explanations as why no significant differences were 
observed. The first is that stress responses to normal 
home environment change, over the short- and medium 
time, remain reasonably constant throughout hom-
ing, showing that once dogs were habituated to their 
circumstance. The second is that this previous level 
of habituation probably increased with long-time and 
with relative previous experience of homed dogs, as 
shown by the lowest cortisol concentrations in dogs 
stabling for 4 years. Hence, the third possibility is that 
the length of time in normal home environment is a 
major determinant of welfare state for dogs. 
The results obtained do not exclude that certain 
stressful conditions, as a visit to a veterinary practice or 
hospitalization in a referral clinic [40], immobilization 
stress [9], novel stimuli and social isolation [8,25,36], 
entering and re-homing kennels [15] may disrupt the 
pituitary-axis in domestic dogs and lead to an increase 
in cortisol concentrations. 
Therefore, the different adrenocortical re-
sponse between groups I and II could be interpreted 
in terms of different physical and mental stimuli. This 
consideration seems likely, since the environmental 
stimuli (familiar and/or unfamiliar) are associated with 
changes in HPA sensitivity [16]. In addition, a circadian 
cortisol rhythm was observed in dogs with common 
daily routine with no particular physical and emotional 
load and in experimental dogs used for experimental 
purpose on a long-term basis [20]. Likewise, in previ-
ous study dogs confined in the shelter for their 1st, 
2nd, or 3rd day had higher cortisol levels than a group 
maintained for more than 9 days; in addition, dogs in 
the shelter for an intermediate period (day 4-9) had 
intermediate levels of cortisol [14]. 
Concerning the age variability, the effects of 
aging on the HPA system in response to challenge 
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by stress were specifically investigated also in dogs 
[31]. Younger dogs had higher cortisol concentra-
tions than older ones; hence, adult males maintained 
relatively low cortisol concentrations [9]. In this 
study the age of dogs stabled from short-term time 
was the same of subjects stabled from medium- or 
long-term time.
On this basis, part of the difficulty in deter-
mining the role played by the stabling time in stress 
responses is caused by the fact that circulating cortisol 
concentrations could not reflect the existence of circa-
dian rhythms, because minute by minute fluctuations in 
plasma cortisol concentrations could only be observed 
if more frequent blood samplings were employed 
[18,20,26]. However, this consideration has not been 
tested experimentally. Certainly, the presence or ab-
sence of a circadian rhythm cannot be ascribed to the 
time of day, since all blood samplings for the different 
groups were performed at 09:00 h.
The physiological higher glucose concentra-
tions in household dogs than kennel dogs showed 
that the normal home environment offers probably 
more rich stimuli than kennel, independent of stabling 
times and sex. It is possible to suppose that the hous-
ing system of dogs also results in significant rise of 
organ reserve and adaptability, presumably due at early 
greatest in functional changes in the catecholaminergic 
system and related increased hepatic glycogenolysis 
and gluconeogenesis [10].
Concerning the PCV changes, there is dis-
agreement among authors about gender differences 
in the circulating mass of erythrocytes according to 
different age [19,21] and sex [5,35,37].
CONCLUSION
In conclusion, this is an observational study on 
the adaptive responses of circulating cortisol, glucose 
and PCV patterns to different housing systems in both 
kennel and household, leading to the question of physi-
ological relevance concerning the effects of different 
stabling time in dogs, according to the quality of life.
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